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Abstract 
A cDNA clone of a protein kinase with high similarity to the Clk (Cdc2-like kinases) subfamily was isolated from a rat brain library 
and characterized. Its deduced amino acid sequence exhibited a 99% identity with human Clk3 and was therefore designated rat Clk3. In 
addition to the protein kinase domain, the sequence (490 amino acids) comprises an N-terminal domain with a strikingly high portion of 
basic amino acids. A glutathione S-transferase fusion protein of Clk3 catalyzed autophosphorylation of the kinase but not phosphorylation 
of the exogenous substrates histone or casein. By Northern blot analysis of different rat tissues, mRNA of Clk3 was detected 
predominately in testis, suggesting that this kinase regulates a predominately testicular function. 
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Protein kinases form an exceptionally large superfamily 
of homologous proteins. Based on sequence similarities of 
their catalytic domains, they are divided into phylogeneti- 
tally related subfamilies which in many cases have related 
functions (e.g., cell cycle kinases, receptor tyrosine kinases 
[I]. Recently, a new family of protein kinases has been 
defined by structural criteria including a characteristic 
motif (LAMMER) in subdomain X of the catalytic domain 
[2]. These ‘LAMMER’ kinases appear to play a fundamen- 
tal role in cellular regulation, since the family comprises 
members from mammals, Drosophila, plants, and yeast 
[2,3]. The first cloned mammalian member of the LAM- 
MER kinases was Clkl (also called STY) 14-61. This 
enzyme has been identified as a ‘dual specificity’ protein 
kinase because the recombinant protein is able to phospho- 
rylate serine/threonine as well as tyrosine residues [5,6]. 
Recently, two closely related human cDNA sequences 
(Clk2 and Clk3) were published without functional charac- 
terization [7]. 
We have used a PCR based strategy with degenerate 
oligonucleotide primers to amplify partial cDNAs of pro- 
tein kinases from differentiated, adipocyte-like 3T3-Ll 
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PII SO167-4889(96)00036-5 
cells [8,9]. One of the cloned PCR products exhibited 99% 
identity of its derived amino acid sequence with Clkl and 
was used to screen a rat brain cDNA library (Stratagene, 
La Jolla, CA; Catalog No. 937502) for longer cDNA 
clones. Five clones were isolated, one of which contained 
a complete open reading frame and a poly(A) tail (Fig. 1). 
The derived protein sequence comprises a C-terminal ki- 
nase domain which exhibits the structural features charac- 
teristic for LAMMER kinases, including the conserved 
spacing of the subdomains I-XI and the conserved se- 
quences of subdomain VIb (HTDLKPENIL) and IX 
(LGWAQPCDVWSIGCI). As a variation of the motif, 
EHLVMMEKIL instead of EHLAMMERIL is found be- 
tween subdomains XI and X. Data base searching revealed 
that the nucleotide sequence was unknown but exhibited a 
high similarity with human Clk3 (92% identical nu- 
cleotides, 99% identical amino acids); this sequence ap- 
peared in the data base in the course of our study [7]. Thus, 
we assume that our cDNA encodes the rat isoform of Clk3. 
In spite of the high similarity between the catalytic do- 
mains of Clkl, Clk2, and Clk3 (> 60% of identical amino 
acids between any two of the sequences), their N-terminal 
domains exhibit no significant sequence similarity with 
each other or with any other protein in the data base. 
However, the composition of amino acids in this domain is 
very similar between Clkl, Clk2 and Clk3 and differs 
strikingly from that of ‘average’ proteins (Table I>. Specif- 
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Table 1 
Amino acid composition of the N-terminal domains of Clkl, Clk2 and 
Clk3 
% of amino acids in: 
N-terminal domains of ‘average’ rat protein 
Clkl Clk2 Clk3 
A+G 6.25 5.5 5.1 14.5 
s 18.1 20.3 14.9 7.8 
T 2.5 1.8 2.7 5.9 
D+E 13.8 13.5 12.8 12.4 
D+E+N+Q 20.0 17.2 15.4 20.7 
R 15.0 27.8 25.8 5.6 
K 8.8 2.5 3.9 6.4 
H 10.0 6.2 6.5 2.4 
l+L+M+V 6.9 4.9 5.8 24.0 
F+W+Y 8. I 12.3 9.0 8.7 
Numbers represent the percentage of the respective amino acids in the 
sequences indicated on top of the column. The ‘average’ composition of 
rat proteins was deduced from a codon usage table based on 833 rat genes 
(J.M. Cherry, data from the HUSAR software package at the DKFZ, 
Heidelberg). 
ically, the N-terminal domains of the three proteins contain 
only few hydrophobic residues but a high percentage of 
serine and arginine. Based on this unusual amino acid 
composition, the N-terminus of Clkl was very recently 
classified as RS domain [lo]. The sequences of both the 
catalytic and the N-terminal domain of Clk3 are very 
similar between rat and man, but conservation is clearly 
higher in the catalytic domain (only one exchange in 317 
amino acids) than in the noncatalytic domain (4 exchanges 
in 155 residues). The comparison of murine and human 
Clkl yields a similar result (19/317 vs. 30/162). These 
comparisons also indicate that the interspecies conserva- 
tion of the sequence is much higher for Clk3 than for Clkl. 
The acronym Clk (Cdc2-like kinase) emphasizes the 
similarity of this protein with cell division kinases [4,6]. 
Hanks and Hunter [l] have defined the ‘CMGC group’ of 
protein kinases which is made up by the four families of 
the CDK, the MAP-kinases, the GSK3P/CK2, and the 
Clk family. The latter comprises the LAMMER kinases 
and Yakl, PSK-H2, Srpkl, and Dskl. More recently, 
several new sequences with high similarity to this group 
appeared in the data bases. In order to integrate these data 
and to address the question as to wether or not LAMMER 
kinases should be considered an own family of protein 
kinases, we constructed a phylogenetic tree (Fig. 2). In- 
deed, the LAMMER kinases constitute a distinct branch of 
the dendrogram. indicating that they are more closely 
related with each other than with any other kinase. Interest- 
ingly, Doa groups among the mammalian Clk kinases, 
Fig. 2. Structural relationship of Clk with other protein kinases. The 
ClustalW program [ 121 was used to construct a dendrogram from the 
sequences of the catalytic domains of the LAMMER kinases [2], of the 
Clk family [ 11, and of representatives of related kinase families. Asterisks 
indicate branches leading to protein kinase families as defined by Hanks 
and Hunter [ 11. In the present alignment, the Clk family has been split up 
in three separate families that are marked by stars. Sequence sources 
(database accession numbers): human Clkl, S53641; Clk2, S53637; Clk3, 
L29217; Erk2, S16444; ~38, S53536; Jnkl, A53063; GSK3b. S14708; 
CK2, A30319; Cdc2, A29539; Cdk4, JN0460; rat Dyrk, X79769; 
Drosophila Doa, A54099; Mnb, X70794; Arabidopsis AFCl-3, U16176, 
U16177, U16178; yeast Knsl, S17245; Yakl, A32582; KA23, 250142; 
Dskl, A47726; Srpkl, S45337. The sequence of PSK-H2 was obtained 
from the reference [ 131. 
suggesting that it represents a Drosophila homolog. The 
Yakl-related kinases (KA23, PSK-H2, Dyrk, Mnb) as well 
as Dskl/Srpkl constitute distinct families. 
The expression of Clk3 in different rat tissues was 
studied by Northern blot analysis of total RNA. As is 
illustrated in Fig. 3, RNA from testis hybridized with a 
transcript of approximately 1.9 kb which matches reason- 
ably well with the size of our full length cDNA (1.76 kb). 
In all other tissues studied, no or very faint signals were 
detected. Note also that we have isolated Clk3 cDNA 
clones from a rat brain library. Thus, very low levels of 
mRNA in tissues other than testis may have escaped 
detection. Human Clk3 mRNA has been detected in leuko- 
cytes by Northern blot analysis, but the distribution in 
different human tissues has not been analysed [7]. Our data 
suggest that, at least in the rat, Clk3 has a specific function 
in a testis-specific regulatory mechanism. 
Fig. 1. Nucleotide and deduced amino acid sequence of rat Clk3 and comparison with the human sequence. The human nucleotide and ammo acid 
sequences are given only where they differ from the rat sequences. Polyadenylation started after the last nucleotide of the cDNA. The catalytic domain of 
the protein kinase is boxed. Arrows indicate the location of the degenerate oligonucleotide primers used for PCR. The amino acid motif that defines the 
LAMMER kinases is highlighted by shading. 
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In order to further characterize the protein kinase activ- 
ity of Clk3, we have subcloned a portion of the cDNA 
encoding the catalytic domain and most of the N-terminal 
domain (aa 33-490) into the bacterial expression vector 
pGEX-2TK (Pharmacia) which generates a glutathione 
S-transferase (GST) fusion protein. The GST-Clk3 fusion 
protein was isolated from induced bacterial lysates by 
affinity adsorption to glutathione-Sepharose according to 
the manufacturer’s instructions. This preparation yielded a 
protein of 80 kDa Fig. 4A) which corresponds well with 
the calculated value of 78 kDa for Clk,,,_,,, (5 1 kDa) 
plus GST (27 kDa). In addition, a much stronger band of 
36 kDa and several smaller products were isolated from 
the recombinant bacteria by this procedure. Thus, the 
smaller bands appear to represent truncated peptides which 
contain the N-terminal GST moiety and up to about 70 
amino acids of the noncatalytic domain of Clk3. These 
products may have arisen from degradation by bacterial 
proteases or from premature termination of translation. A 
similar truncated 45 kDa product has also been observed in 
the analysis of a recombinant TrpE-Clkl fusion protein [5]. 
All bands were phosphorylated in an in vitro kinase reac- 
tion in the presence of [ y- 32 P]ATP (Fig. 4B). In addition 
to proving the protein kinase activity of Clk3, this result 
indicates that the phosphorylation of the smaller poly- 
peptides reflects an intermolecular reaction. Only the 80 
kDa product is large enough to encompass the whole 
catalytic kinase domain, and it is unlikely that the smaller 
peptides have been produced after autophosphorylation. 
The protein kinase appears to require very specific phos- 
phorylation motifs, since we failed to detect phosphoryla- 
tion of exogenously added substrates i.e histone or a-casein 
B H M F Li Lu S I TeTh 0 A 
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Fig. 3. Expression of Clk3 in different rat tissues. A Northern blot of total 
RNA from the indicated rat tissues (B, brain; H, heart: M, skeletal 
muscle; F, fat cells; Li, liver; Lu, lung; S, spleen; I, intestine; Te, testis; 
Th, thymus; 0, ovary; A, adrenal gland) was hybridized with a “P- 
labelled probe (bp I-1035) which was obtained by EcoRI digestion of the 
rat Clk3 cDNA. The film was exposed for 3 days. Migration of 18s 
rRNA (1.9 kb) and 28s rRNA (4.7 kb) is indicated. The concentrations of 
RNA in the samples were assayed by UV absorption and controlled by 
ethidium bromide staining of the gels. Equal amounts of RNA (15 pg) 
were present in each lane except for heart and brain (5 pg). Identical 
results were obtained with 2 additional blots. 
Fig. 4. Protein kinase activity of recombinant GST-Clk3. A: Expression 
of GST-SNRK in E. co[i. GST and GST-Clk3 were partially purified 
from bacteria1 lysates by affinity absorption on glutathione-Sepharose and 
separated by SDS-PAGE (10% gel). Molecular masses of standard pro- 
teins are indicated in the margin. B: Autophosphorylation of recombinant 
GST-Clk3. Affinity-purified GST and GST-Clk3 were incubated in ki- 
nase buffer (25 mM Hepes, pH 7.5, 5 mM MgCl,, 5 mM MnCl?, 0.5 
mM DTT) in the presence of [y-3’P]ATP (10 PM, 20 mCi/pmol) for 30 
min at room temperature. Reaction products were separated by SDS-PAGE 
(10% gel), the gel was dried and an X-ray film was exposed to the gel for 
4 h. 
(data not shown) under conditions established by us with 
other recombinant kinases [8,9]. 
Our data indicate that rat Clk3 is predominately ex- 
pressed in testes. In contrast, Clkl mRNA has been de- 
tected in a variety of murine tissues [5]. These result 
indicate that Clk3 is not a redundant isoform of Clkl but 
confers a distinct, specific function. This conclusion is 
further supported by the striking differences in the N- 
terminal domains of the Clk isoforms, and by the different 
degree of interspecies sequence conservation of Clkl and 
Clk3. Recently, Clkl has been shown to interact with 
RNA-binding proteins, and it is thought to regulate the 
activity of splicing factors [lo]. Clk 1 has also been shown 
to induce neuronal differentiation when overexpressed in 
PC12 cells [l 11. Of the other LAMMER kinases, Doa and 
AFCl appear to alter RNA synthesis [2,3]. It is not possi- 
ble to infer the function of Clk3 from its structural rela- 
tionship with the other kinases. From its pattern of expres- 
sion, we can only speculate that it is involved in a pathway 
signalling a predominately testicular function, e.g., testis 
specific mRNA splicing. 
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